Abstract -The ability of dibenzo-3pcrown-fi ethers (" = 6-12) to form stable adducts in solution with a range of neutral and cationic transition metal complexes is discussed. The concept of second sphere coordination can be enlarged to one of molecular recognition involving the whole gamut of non-covalent bonding interactions. It is described how this research led logically to molecular receptors for the bipyridinium herbicides Diquat and Paraquat. In particular, dibenzo-30-crown-10 forms a highly selective 1:l complex with Diquat whereas, a constitutional isomer, bisparaphenylene-34-crown-10, is a good molecular receptor for Paraquat.
INTRODUCTION

Dibenzo
was the first-born amongst the family of macrocyclic polyethers described by Pedersen (ref 
SECOND SPHERE COORDINATION
The first crystalline adducts to be isolated between DB18C6 and neutral, monoammine transition metal complexes involved (ref. . In all cases, the adducts exhibited 1:l stoichiometry. The tungsten derivative was characterised by IR and NMR spectroscopies. The platinum ( R = Me) derivative was characterised by X-ray crystallography (Fig. 1) . The catechol rings of the DB18C6 in [tranS-Pt(PMe3)Cl~(NH3).DB18C61 are directed away from the complex and the six oxygen atoms form three bifurcated hydrogen bonds to the NH3 ligand. Dynamic lH NMR spectroscopy revealed that the 1:l adduct is also present in CD2C12 solution, albeit a much weaker adduct than those involving cationic monoammine transition metal complexes.
In order to allow the organic ligand in a transition metal complex to interact with a second sphere ligand, the size of the macrocyclic ring had to be increased. For this reason, the D B 3 g c ethers (" = 7-12) were synthesised and their abilities to form 1:l adducts with the cationic rhodium (I) complexes [Rh(cod) (NH3)21t (cod = 1,5-cyclooctadiene) and [Rh(nbd) (NH3)2]+ (nbd = norbornadiene) were investigated (ref. 7 , 8 ) in CD2C12 solution by lH NMR spectroscopy. protons on the cod and nbd ligands, especially when the second sphere ligands are DB21C7 and DB24C8: these observations suggest that the catechol rings in the molecular receptors arrange themselves within close proximity of the cod and nbd ligands. This conclusion was confirmed by a series of X-ray crystal structure determinations performed on four 1:l adducts crystallised from halocarbon solutions. In all cases, the second sphere ligands adopt V-shaped conformations that wrap themselves around the rhodium complexes. Space-filling representations of the fRh(cod)(NH3)2.DB21C71+ and [Rh(nbd)(NH3)2.DB24C8]+ adducts are shown in Fig. 2 .
Significant upfield shifts were observed for the Although the most important intermolecular binding forces between the cationic rhodium complexes and the DB32C; ethers ( 2 = 7-12) are associated with hydrogen bonds involving the ammine ligands and the oxygen atoms in the polyether chains, there are also numerous metal-oxygen and metal-carbon contacts at around van der Waals distances which may provide weak additional binding of a Coulombic and dispersive nature. These interactions are probably responsible for the ordering of the molecular superstructures in which the DB3;C; ethers ( 2 = 7-10) undergo considerable conformational changes in order to form adducts with the cationic rhodium complexes.
It is known (ref. 9 ) that the incorporation of 8-acceptor co-ligands such as 2,2-bipyridyl (bipy) into the first coordination sphere of an ammine complex will enhance the hydrogen bonding potential of ammine ligands on a transition metal. Hence, we investigated (ref. 10, 11) the abilities of the DB3;C; ethers ( 2 = 6-12) to form 1:l adducts in hydrocarbon and halocarbon solvents with the square-planar platinum (11) 
We noticed that CD2Cl2 solutions of the 1:l adducts (particularly for the DB32Cn ethers where n = 7-11) assume a deep yellow colour immediately they are prepared for 1 z NMR spectroscopy. Single crystals suitable for X-ray crystal structure analysis were obtained for the 1:l adducts with DB24C8 and DB30C10. Space-filling representations of the [Pt(bipy) (NH3)2.DB24C8I2+ and [Pt(bipy) (NH3)2.DB30C10I2+ adducts are shown in Fig. 3 . Once again, the ammine ligands are directed towards the polyether chains forming hydrogen bonds with some of their oxygen atoms. In the case of DB24C8, the receptor is V-shaped whilst in the case of DB30C10,it is U-shaped. arrangement and close contact (3.48-3.52 A) between the n-electron deficient bipy ligand and one or both of the a-electron rich cateehol units in DB24C8 and DB30C10 respectively, suggest the existence in these adducts of a 71-n charge-transfer interaction. Indeed, in acetonitrile solution, a broad electronic transfer absorption band centred on 350 nm is present and no doubt accounts for the deep yellow colour of these adducts. Analysis of the concentration dependence of their charge-transfer absorptions was used to derive association constants (gal and free energies of binding (Ago). The values of Ea = 66000, 191000, and 69000 M-l, corresponding to -Ago = 6.6, 7.2, and 6.6 kcal mol-1 respectively for g = 9, 10, and 11 in the DB3;Cz ethers, reveal that DB30C10 forms the most stable 1:l adduct in acetonitrile solution. This conclusion was supported by the results of lH NMR spectroscopic investigations in CD2C12 solutions where substantial upfield shifts were observed for both the aromatic protons in the complex and in the DB3pC; ethers. This research has raised the question of the relative importance of hydrogen bonding, electrostatic interactions, dispersion forces, and charge-transfer interactions in the stabilisation of adducts between transition metal complexes and second sphere ligands. 
CONCLUDING REMARKS
It is satisfying to reflect on the fact that rather simple molecular receptors based on the first crown ether to be isolated and characterised by Pedersen (ref. 2) can accomplish some quite remarkable feats of molecular complexation. Science is at its most exciting when it is simple.
